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(54) Abstract Title 

High voltage switching arrangement for driving RF sources 

(57) A high voltage switching arrangement comprises a series of modules 1 containing a main switch such as 
a power FET 2. Control signals for the FETs are supplied by a single turn primary winding 3 threading a 
plurality of toroidal secondary windings 4. A train of control pulses is applied to the primary winding 3 the 
control pulse polarity determining whether the FETs are on or off (figure 3) and the length of the pulse train 
determining the pulse width and PRF of the output of the switching arrangement. Power for the FET driver 10 
fs derived from the control pulses by diodes 1 1.12. The primary winding 3 is driven by an H-bridge (figure 2) 
The switching arrangement may be used for testing purposes. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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Fig.2. 
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Fig.3. 
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Fig.4. 
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Switching Arran gement 
This invention relates to a switching arrangement and more particularly, but not 
exclusively, to a switching arrangement used in a pulse modulator for providing pulses of 
variable length and pulse repetition frequency (PRF). 

A requirement exists for pulse modulator test equipment which is suitable for 
supplying variable output, with operating voltages, of say up to 30 kV. duty cycles in the 
range of less than l% and up to greater than 30%, pulse widths in the range of 15ns to greater 
than 1 00 microseconds and PRFs up to 750 kHz. In conventional arrangements, a pulse 
transformer would be used as a modulator for driving rf sources. However, it would be 
difficult to design a pulse transformer which could meet the demanding requirements outlined 
above. 

N 

The present invention seeks to provide a switching arrangement and particularly a 
switching arrangement suitable for driving rf sources for test purposes. However, it is 
envisaged that the arrangement may also be suitable for use in other non-test applications 
where demanding switching requirements exist. 

According to the invention, there is provided a switching arrangement comprising a 
solid state switch and control means arranged to apply control pulses to the solid state switch, 
such that when pulses df one polarity are applied, the switch is maintained in an on state and 
when pulses of the other polarity are applied, the switch is maintained in an off state. 



Thus, by' controlling the duration of the puise tram and its polarity, the switch can be 
controlled to give an output having characteristics which are variable over wide ranges, 
giving great versatility. For example, the PRF may be varied so as tp give anything from a dc 
output to a frequency of 750 kHz. Providing pulses of one polarity continue to be applied, 
the switch will remain in its maintained state. 

In a preferred arrangement, the control pulses are used to supply power to the switch 
drive circuitry. Advantageously, the switch is a power FET. 

In a preferred arrangement, an H-bridge circuit is included to generate the control 
pulses, the H-bridge circuit including the primary winding of a transformer, and a secondary 
of the transformer being connected to the switch. 

In a particularly advantageous arrangement, a plurality of switches are included, each 
switch having a respective different secondary winding connected thereto and there being a 
common single primary. This enables the switches to be controlled and powered 
simultaneously with a single input. 

According to a feature of the invention, a pulse modulator includes a switch 
arrangement in accordance with the invention, and in another feature of the invention, test 
equipment includes a pulse modulator including the switching arrangement also. The 
invention is particularly advantageously applicable to test equipment where it is often 
necessary to be able to produce a wide range of outputs having very different characteristics. 



One way in which the invention may be performed is now described by wav of 
example with reference to the accompanying drawings in which: 

Figure 1 is a schematic circuit diagram of a pulse modulator including a switching 
arrangement in accordance with the invention; 

Figure 2 is a schematic diagram of an H-bridge circuit used to produce pulses to be 
supplied to the arrangement shown in Figure 1 ; 

Figure 3 and 4 are pulse diagrams illustrating the operation of the arrangement of 
Figure 1; and 



Figure 5 schematically shows a modulator circuit including a switching arrangement 
as shown in Figure 1 . 

With reference to Figure I, a switching arrangement comprises twenty identical 
modules, one module 1 being shown in greater detail. The module 1 includes a main FET 2 
which is the main switching element, FETs of the modules being connected in series as 
indicated. 

The power for the FET 2 and its control signals are supplied from an isolated single 
turn primary 3 which passes through a toroidal secondary transformer 4 included in the . 
module 1 and also through similar toroidal transformers included in each of the other 
modules. Thus the input supplied on the common single turn primary 3 is applied to each of 



the modules in parallel. 



The signal on the primary' 3 comprises a plurality of pulses generated at an H-bridge 
circuit arrangement as shown in Figure 2. This comprises four FET switches 5, 6, 7 and 8 
connected berween ground and a positive voltage supply at 9. FETs 5 and 7 are connected in 
senes between the input 9 and ground as are FETs 6 and 8. The single mm primary' 3 is 
connected at one end berween FETs 5 and 7 and at its. other end berween FETs 6 and 8. 

When the circuit is inactive, each of the FETs 5 to 8 is open as shown. When it is 
wished to switch on the main FET 2 in module 1. and corresponding FETs in the other 
modules, FETs 5 and 8 are closed. The input 9 is pulsed to give a series of positive pulses 
through the primary 3 as shown in period tl in Figure 3. When it is required to switch off the 
main FET 2 in module 1, following a reset period during which FETs 7 and 8 only for the H- 
bndge circuit of Figure 2 are closed., the switch configuration is changed so as to close FETs 
6 and 7 and open FETs 5 and S, changing the direction of current flow through the single 
primary 3 and giving a series of negative polarity pulses as shown in period t2 in Figure 3. 
Figure 3 shows the signals applied to the primary 3. The reset period t3 berween period tl 
and t2 although shown in Figure 3 as being relatively large compared to the pulse width may 
in reality be quite short. It is only necessary for it to be sufficiently long to reset the 
transformer 4. Typically each pulse in the pulse trains illustrated in Figure 3 has a pulse 
width of 1 microsecond. 

With reference to Figure 1 . the pulses as shown in Figure 3 are applied via the 
primary 3 to the toroidal transformer 4 in module 1 . These pulses are used to provide a 



power supply to the driver 10 of the main FET 2. The ends of the secondary 4 are connected 
via diodes 11 and 12 at 1 3 and a central tap 14 is connected via a Zener diode 15 and 
capacitor 16 in parallel to give a power supply to the driver 10 on line 1 7. 



The control pulses applied via the single primary 3 also control the operation of the 
FET 2 enabling it to be switched off or on as required. When the pulses have positive 
polarity, as shown at the time tl in Figure 3, the train of control pulses is applied via line IS 
from one end of the secondary 4 via a diode 19 to the driver 10 of the main FET 2. This 
causes the FET 2 to remain switched on during the entire period that the train of pulses is 
applied to the driver 10. When the FET 2 is to be switched off, the negative pulses as shown 
in t2 of Figure 3 are applied to the single primary 3. These give a train control pulses on line 
20 and the other end of the secondary 4 which are applied via another FET 2 1 to the driver 
1 0. The FET 2 then remains switched off for as long as the pulses continue to be applied to 
the driver 10. Figure 4 shows the FET trigger signal produced from the pulse train illustrated 
in Figure 3. 

Thus, by varying the length and polarity of the pulse train, control of the switching of 
the main FET is accomplished. The pulse repetition frequency and pulse length can be 
controlled over a very wide range. 

Figure 5 illustrates schematically a modulator incorporating the switching 
arrangement illustrated in Figure 1 and shown at 22. This is connected to a dc supply 23. 
load 24 and a reservoir capacitor 25. 
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CLAIMS 

1 . A switching arrangement comprising a solid state switch and control means arranged to 
apply control pulses to the solid state switch, such that when pulses of one polarity are 
applied, the switch is maintained in an on state and w hen pulses of the other polarity are 

5 applied, the switch is maintained in an off state. 

2. An arrangement as claimed in claim 1 wherein the control pulses are used to supply power 
to the switch drive circuitry. 

10 3. Ari arrangement as claimed in claim 1 or 2 wherein the switch is a power FET. 

4. An arrangement as claimed in claim 1. 2 or 3 wherein the control means includes an H- 
bridge circuit to generate the control pulses, the circuit including the primary of a 
transformer, the secondary being connected to the switch. 

15 

5. An arrangement as claimed in any preceding claim and including a plurality of solid state 
switches, each having a respective different secondary connected thereto and a common 
single primary transformer. 

20 6. An arrangement as claimed in claim 5 wherein the secondary windings are toroidal. 

7. An arrangement as claimed in claim 5 or 6 wherein the plurality of solid state switches are 
connected in series. 



8. A pulse modulator including a switching arrangement as claimed in any preceding claim 



9. A test arrangement including a pulse modulator as claimed in claim S. 

10. A switching arrangement substantially as illustrated in and described with reference to 
Figures 1 and 2 of the accompanying drawings. 

11. A pulse modulator substantially as illustrated in and described with reference to the 
accompanying drawings. 
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